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FRUTT MORPHOLOGY, ANATOMY AND 
TAXONOMY OF TRIBE NEPETEAFE (LABIATAE) 


A. L. BUDANTSEV” GT. A. LOBOVA” 


The results of a detailed SEM study of nutlet morphology in 156 species of tribe 
Nepeteae (Labiatae) are presented. Tvvo main types, smooth and sculptured, are 
described, vvithin them such subgroups as reticulate, cellular, verrucose and tuberculate 
are defined. The taxonomic significance of these characters is discussed. Pericarp 
structure vvas investigated in 34 species. Mucilaginous tubercles vvere found on the 
surface of the nutlets in Nepezra, Drepanocaryum and Lophanthus, and their structure is 
described. In the 10 genera of this vvidespread tribe, three informal generic groups are 
recognized, based on a combination of nutlet morphology, pericarp structure and 
vegetative and floral features. 


Keyyvords. Drepanocaryum, Lophanthus, Nepeta, nutlet morphology, pericarp structure. 


INTRODUCTION 


Nutlet morphology in the Labiatac has proved useful to varying degrees at different 
levels of the taxonomic hierarchy. Bentham (1848), vvho laid the foundations of the 
classification of the family, used some nutlet characters in the diagnoses of some 
tribes. They vvere taken into consideration in subsequent treatments of the Labiatae 
(Briquet, 1895-1897, VVunderlich, 1967) and of genera and species (Bilimovitsch, 
1935, VVoficiechovvska, 1958, 1961a,b, 1966, Hedge, 1970, Reydali, 1990, Ryding, 
1992a,b). The tribe Nepereae differs from the rest of the Labiatae in that the posterior 
(upper) pair of stamens are longer than the anterior (lovver). It includes c.11 genera 
and 360 species (Budantsev, 1992b) found in most parts of Eurasia and North 
America. The importance of the morphology of nutlet surfaces has already been 
demonstrated for Nepeza (Hedge, 1962, 1992, Hedge 6 Lamond, 1968, Rechinger, 
1982a, Ubera, 1982). Hedge (1962), using some nutlet characters in the taxonomy 
of spectes allied to N. /fissa C.A. Mey., recognized three basic types of nutlet texture: 
smooth vvithout tubercles, “flatiy” tuberculate and clearly tuberculate, vvhich vvere all 
constant features in mature nutlets. A study of nutlets in Afghanistan Nepeza species 
shovved little variation in their morphology vvithin a species but frequently significant 
differences betvveen species (Hedge 6: Lamond, 1968). Makarova (1967) shovved 
differences in anatomical structure of the nutlets betvveen some genera of tribe 
Nepeteae. 

İn recent times the importance of the SEM in the study of nutlet surfaces has 
been demonstrated for various genera of Labiatae (Hussain et al., 1990, Paton, 1990, 
Reydalı, 1990, Ryding, 1992a,b, Budantsev, 1993c,d). Ubera (1982) studied the nutlet 
surface of 12 Nepeta species in the Iberian Peninsula. 
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The study of myxocarpy (the formation of mucilage v/hen nutlets become vvet) 
has been established as a separate area of research in the carpology of the Labiatae. 
The phenomenon of myxocarpy in this family vvas first described by VVagner (1914). 
Hedge (1970) investigated mucilaginous cells in several species of the genus Sa/viq 
and described features of their structure and formation patterns of the mucilage, he 
also found that characters of myxocarpy could be used in the systematics of this 
genus. The presence of myxocarpy has also been reported in many representatives 
of the family from various subfamilfes and tribes (Ryding, 1992a,b, 1993a,b, 1995). 


MATERIALS AND METHODS 


This study is based on nutlets taken from herbarium specimens, mostly from LE 
and BM, E, G, K and V, and from original collections made during expeditions to 
Middle Asia, Russia, Caucasus and Mongolia. For SEM studies the nutlets vvere 
coated vvith sputtered gold. For pericarp anatomy studies dry nutlets vvere placed 
for 10 days in a mixture of distilled vvater, 96706 ethanol and glycerol taken in equal 
proportions. In the middle part of nutlets cross-sections 10um thick vvere made using 
a freezing microtome. These sections vvere stained vvith a 109/ aqueous solution of 
gentian violet and embedded in glycerol. The presence of mucilage on the nutlet 
surface vvas determined by the method of Ryding (1992b) based on the extent of 
svvelling of mucilaginous cells vyhen the nutlet became vvet. There vvere four types of 
reaction: a strong mucilaginous reaction (vvith mucilaginous cells 0.8-1.5mm long), 
a moderafe reaction (vvith celis 0.1-0.5mm long), a vveak reaction (vvith mucilaginous 
cells less than 0.1mm long) and a very vveak reaction vyhen no appreciable elongation 
of mucilaginous cells occurred after svvelling in vvater. 


RESULTS 
Nepeta £. 


This is the largest genus of tribe Nepefeae, vvith 210 species (Budantsev, 1993a). It 
occurs in most parts of Eurasia, except the Arctic. İt is a diflicult genus taxonomically 
due to the paucity of reliable characters, hybridization and introgression. According 
to the traditional classification of Vepeza (Bentham, 1832-1836, 1848, Boissier, 1879, 
Briquet, 1895-1897, Poyarkova, 1954), this genus is divided into sections based on 
habit, leaf, inflorescence, calyx and corolla structure and nutlet characters. The 
boundaries betvveen most sections are indistinct although there are some clear-cut 
ones (Oxynepeta Benth., Micronepeta Benth., Orthonepeta Benth. etc.). 

Nutlets of 92 species vvere examined. Their size is 1—3 x 0.5-1.5mm, they are 
elliptic, ovate or obovate, trigonous or rounded-trigonous in transverse section, and 
apically rounded or truncafe, vvith a vvhitish lateral straight or bilobed areole 
(Fig. 1A, C, Fig. 2A, C). The nutlets in M. brachyantha Rech.f. dz Edelb. have a 
prominent U- or V-shaped areole extending c.?5 of the nutlet length. N. /eucolaena 
Benth. ex Hookif., N. pilinux P.H. Davis and some other spectes have nutlets vvith 
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FIG. 1. Nutlets of Nepefa. A, Nepeta linearis, B, N. daenensis, C, D, N. fordii, E, N. formosa, 
F, N. sibirica, G, N. lasiocephala, H, N. vvettsteinii. Scale bars — 10um (except A, C — 100um). 
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an apical tuft of multicellular simple hairs, and in N. /ezifolia DC. and N. nuda L. 
they are apically papillate. Similar thin hairs occur in N. cararia L. in very young 
nutlets but later they are absent. 

In Nepeta tvvo main types can be recognized based on surface ornamentation: 
smooth and sculptured. VVithin these types, variants can be recognized. The smooth 
nutlets have three variants: 


1, Undulate (Fig. 1A, B): characterized by a thick cuticle masking the cell structure 
in the central area of the nutlets, under high magnification cellular reticulations can 
be seen at the apex. These cells are oblong vvith straight, not or slightiy raised 
anticlinal vvalis (AVV ). The external periclinal vvalls (EPVV ) are filat or slightiy 
depressed, smooth or fine-granular. 


2. Reticulate (Fig. 1E—G)): consists of oblong, rounded or polygonal cells. The AVV 
are straight and of variable thickness. The EPVV are flat or depressed, striate- 
furrovved or ridged. Reticulate-cellular (Fig. 1E, F) and ridged-cellular (Fig. 1G) 
surfaces appear as varieties of the reticulate pattern. The former has more prominent 
AVV and depressed EPVV, the latter is distinguished by irregular cells vvith undulate 
and prominent AVV. 


3. Bead-like pattern (Fig. 1D): has indistinctly shaped cells vvith small protuberances 
on the AVV. The EPVV are depressed, fine striate-furrovved. 


Sculptured nutlets are characterized by having rounded or cone-shaped tubercles 
vyhich occur on all surfaces, especially tovvards the apex. The epidermal cells of the 
pericarp appear rounded and polygonal, generally vvith prominent AVV. The EPVV 
are flat, depressed or convex, furrovved or striate-furrovved. Four variants can be 
recognized based on the shape of the tubercles: 


1. Verrucose (Fig. 2A, B): shovvs tubercles formed by the ring of convex radial cells. 
The centre of these tubercles is mostly depressed. The papillate-verrucose texture 
(Fig. 2F ) vvith papillae on the edges of the nutlets can be considered as a variant of 
the verrucose pattern. 


2. Tuberculate (Fig. 1H): differs in that the tubercles have a convex or truncate apex 
forming one or more layers of radial cells. 


3. Tuberculate-cellular (Fig. 2E): the tubercles have a flat apex and oblong or 
rounded cells vvith a raised AVV and depressed EPVV. 


4. Thorn-like pattern (Fig. 2C, D): characterized by oblong or cone-shaped tubercles 
vvith a rounded or truncate apex. 


Pericarp structure has been investigated in 15 species (marked by asterisks in 
Table 1). Pericarp thickness varies from 30um in N. podostachys to 170um in N. 
amethystina. Myxocarpy is found in four species. A moderate mucilaginous reaction 
occurs in N. micrantha and N. trautvetteri. N. glomerulosa and N. amethystina shovv 
a very vveak reaction. 
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FIG. 2. Nutlets of Nepeta and Dracocephalum. A, Nepeta glomerulosa, B, N. amicorumş C, 
D, N. stenantha, E, N. involucrata, F, N. suavis, G, H, Dracocephalum multicolor. Scale bars — 
10um (except A, C — 100um, G — 1000ıum). 
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In spectes vvith mucilage nutlets the exocarp celİs form mucilaginous tubercles 
(Fig. 3C). Similar structures have been described in Drepanocaryum by Ryding 
(1995), and called “mucilage buds”. These tubercles consist of tvvo groups of cells: 
guard epidermal cells, vvhich are radially elongated, sickle-shaped and contain pig- 
ment, and large mucilaginous cells vvith very thickened vvalis. 

VVhen nutlets are placed in vvater, the epidermal cells start to diverge, mucilaginous 
cells become elongated, taking the shape of “mucilaginous hairs” and, as a result, the 
fruit is covered vvith a mucilaginous envelope. Upon drying, the tubercles become 
crater-shaped. 

In species vvhich lack myxocarpy the exocarp is formed by cells vvith thickened 
outer tangential vvalls that can be large or flattened (Fig. 3A, B) and may contain 
pigment. 

Epidermal cells in nutlets vvith a sculptured surface are radially elongated and 
form tubercles (Fig. 3B). It is impossible to discern the exocarp in the pericarp of 
N. bucharica and N. podostachys because the cells are strongly compressed and their 
boundaries indistinct. 

The mesocarp consists of 2-3 rovvs of cells. The lovver rovv is mostly represented 
by narrovv, tangentially elongated cells vvith or vvithout thickenings on the vvalls. The 
upper rovvs of cells may be strongly compressed. The mesocarp in N. cataria, N. 
bucharica, N. bracteata and N. micrantha is strongly compressed and individual cells 
are not recognizable. All rovvs of the mesocarp may contain brovvn, dark-brovvn or 
black pigments. 

The sclerenchymatous layer of the endocarp is 15-80um thick. The sclereid cavity 


A 





FIG. 3. The pericarp of Nepera in transverse section. A, Nepeta longibracteata, B, N. ucran- 
ica, C, N. amethystina. Abbreviations for the regions and structures: ex, exocarp, m, mesocarp, 
en, endocarp:, s, sclerenchyma cells, mc, mucilaginous cells, nc, non-mucilaginous cells, Scale 
bars — 30um. 
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of smooth nutlets is small, rounded and often contains pigment, vvith the poral canals 
going tovvards the apical and partly to the basal parts of the cells (Fig. 3A). In 
sculptured nutlets the sclereids have a more or less large, oval cavity vvithout pigment 
and branching poral canals (Fig. 3B). Nutlets vyith myxocarpy are characterized by 
star-like cavities in the sclerenchymatous layer (except N. amethystina, Fig. 3C), vvith 
or vvithout pigment. The inner exocarp layer consists of a rovv of flattened cells vvith 
reticulate thickenings on the vvalls (Fig. 3). The tangential vvall is mainly thickened. 
In M. podostachys and N. trautvetteri this layer is severely flattened. 

The distribution of types and patterns of nutlet ornamentation in Nepefa species 
is presented in Table 1. The table shovvs that the sculpturing of the nutlets has a 
vvide range of variation at infra-sectional and infra-specific levels. For example, the 
related pairs of species (N. 5ucharica and N. clarkei, N. connata and N. linearis) have 
a similar texture of the nutlets. The undulate pattern occurs among the N. podosta- 
chys species-complex (N. subincisa, N. nervosa, N. elliptica and N. discolor). Similar 
variants of nutlet surface appear in species of sects. AMacronepeta, Micronepeta, 
Denudatae, Sparthonepeta, Oxynepeta and others. On the other hand, there is varia- 
bility in the nutlets of sects. /Vepera and Spicatae. In most of the species of sect. 
Nepeta investigated the nutlets are sculptured (tuberculate and thorn-like), except 
in N. cataria vvhich has a smooth (reticulate) surface. Polarkova (1954), using this 
character, created a monotypic subsect. Nepeza. In sect. Spicatae, the smooth nutlets 
have an undulate and reticulate pattern. Hovvever, there are no apparent fundamental 
differences betvveen them because the former differs in the thick cuticle in the middle 
part of the edges, vvhercas the reticulate texture appears only at the apex vvhere the 
cuticle is thinner. Undulate nutlets characterize the species of sect. AMicronepeta vvhich 
in other morphological features (inflorescence, calyx and corolla shape) are very 
similar to those of sect. Spicatae. 

The distribution of species vvith smooth and sculptured nutlets has a link vvith 
their geographical distribution. Species vvith smooth nutlets occur mainly in the 
eastern parts of the Nepeta area (from Hindu Kush and Central Asia to China and 
Tapan). Among these are the species of sects. A/acronepeta, Spicatae, Micronepetae 
and Capituliferae. From the 37 studied species only 11 are found vvest of Afghanistan 
— in Iran, Transcaucasia and Turkey. Among these are the species of sect. Denuzdatae 
allied to sect. Capiruliferae: N. chionophila and N. crispa (sect. Spicatae) and some 
other vvidespread species. 

Species vvith sculptured nutlets (sects. Nepeta, Macrostegiae, Setanepeta, 
Orthonepeta, Subinterruptae) occur in the vvest part of the Nepeta area — in vvestern 
Europe, the Mediterranean, Turkey and Tran. Only 18 species out of 55 vvith a 
verrucose, tuberculate and thorn-like texture grovv east of Iran. Except for the vvide- 
spread N. nuda and N. ucranica, these species belong to sect. Spart)onepeta (restricted 
to Iran, Afghanistan and vvest Himalayas), sect. Kudr/ascheviae (mainly Middle 
Asia), some species of sect. Micranthae (N. rechingeri and N. micrantha) and 1he 
mainly Chinese sect. Appendiculatae (N. sungpanensis and N. hafnanensis). 

The morphological development in Nepera species from smooth to sculptured 
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nutlets possibly runs parallel to the radiation of the genus from the east (SVV China, 
the Himalaya), vvhere the greatest diversity of the genus and the tribe occurs, to the 
vvest, as far as the VV Mediterranean. İn addition to these main trends of divergence 
of nutlets in Nepeza there are bead-like (NV. fordii) and papillate-verrucose (N. szavis) 
nutlets vvhich have not as yet been found in other Nepera species. 


Dracocephalum £. 


This is the second largest genus in the Nepereae, vvith c.73 species ( Budantsev, 1993b). 
The species occur in the temperate parts of Eurasia vvith a concentration of diversity 
in SVV and E China, south Siberia, Middle Asia and the Irano-Turanian territorfes. 
One species, D. parviflorum Nutt., grovvs in North America. 

The nutlets of 32 species vvere examined. They are c.2-6 x 1—2.5mm, oblong, ellip- 
tic or obovate, and trigonous vvith vvell-developed edges in transverse section 
(Fig. 2G, Fig. 4A ): the basal end is narrovved vvith a lateral bilobed or straight areole, 
apically keeled or rounded. The nutlet surface is smooth vvith four patterns: 


1. Cellular (Fig. 2H, Fig. 4A—C): made up of rounded or polygonal cells vvith a 
straight or slightly sinuous raised AVV, The EPVV are depressed, striate-furrovved. 
VVithin this pattern may be recognized pitted-granular (Fig. 4C) and pitted (Fig. 2H) 
textures. 


2. Reticulate: similar to some Neperfa species. 


3. Ridged-granular (Fig. 4D): differs in that the epidermal cells are of irregular shape 
and the AVV are sinuous depressed, the EPVV are sharply asymmetrical vvith a rough 
granular-furrovved surface. 


4. Indistinct-reticulate (Fig. 4E, F): formed by cells vvith an irregular shape and 
indistinct borders. The AVV are sinuous, the EPVV are of tvvo kinds: prominent and 
flattened or partly depressed, vvith a complex ornamentation on the nutlet edges. 
The texture of the EPVV is smooth or striate-furrovved. 


Pericarp structure vvas examined in seven spectes (marked by asterisks in Table 2). 
Pericarp thickness varies from 9Önm in D. sramineum to 220um in D. bipinnatum. 
Myxocarpy vvas found in D. ipfegrifolium, D. stamineum, BD. scrobiculatum and D. 
bipinnatum. Nutlets of D. 2öipinnatum shovved a strong mucilaginous reaction, 
D. scrobiculatum had a very vveak reaction. Nutlets of other species have a moderate 
reaction. 

The exocarp of mucilaginous nutlets has tvvo different types of cells (Fig. 5B-D). 
The first type is represented by large oval or round mucilaginous cells vvith much 
thickened vvalis and a small irregularly shaped cavity vvhich is filled vvith a pigment. 
These cells in vvet conditions take the shape of “papillae”. The second type is dis- 
tinguished by narrovv, radially elongated cells vvith a strongiy thickened outer tangen- 
tial vvall, The exception is D. 5ipinnatum vvhere all of the exocarp cell vvalls are 
thickened (Fig. 5C, D). Non-mucilaginous celis lack pigment and are arranged in 
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FIG. 4. Nutlets of Dracocephalum and Lophanthus. A, B, Dracocephalum origanoides, C, D. 
fragile, D, D. integrifolium, E, D. komarovii, F, D. subcapitatum, G, Lophanthus schrenkii, H, 
L. pinetorum. Scale bars — 10um (except A — 1000um). 
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FIG. 5. The pericarp of Dracocephalum in transverse section. A, D. ruyschiana, B, D. stami- 
neum, C, D, D. bipinnatum (C, exocarp seen from above). Abbreviations: mc, mucilaginous 
cells, nc, non-mucilaginous cells, c, crystal. Scale bars — 50um. 


small groups on the nutlet surface (Fig. 5C). In species vyithout myxocarpy exocarp 
cells are small, filled vvith brovvn pigment and have a strongiy thickened outer tangen- 
tial vvall (Fig. 5A). This layer in D. origanoides consists of large cube-shaped celis 
lacking pigment. 

The mesocarp consists of 3—4 rovvs of closely spaced cells (except for D. rzeyschiana 
(Fig. 5A) that differs in having intercellular spaces). In D. sramineum the outer rovv 
is represented by large cells vvith remnants of their contents (Fig. 5B). In some species 
the inner rovv 1s formed of flattened thick-vvalled cells (Fig. 5B). Cells of this layer 
in D. grandiflorum are strongiy compressed. In D. irregrifolium all rovvs are com- 
pressed, except the lovvest one. In most cases the mesocarp cells contain brovvn or 
dark-brovvn pigment (Fig. 5). 

The sclerenchymatous layer of the endocarp is 25—120Lm thick. Sclereid cavities 
are rounded, large and oval or star-like. D. ruyschiana, D. bipinnatum (Fig. 5A, D), 
D. grandiflorum and D. origanoides have crystals of calcium oxalate, 2.5-7.5um 
diam., in cavities and poral canals of the sclereids. The inner layer of endocarp 
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consists primarily of a rovv of large cells, flattened or not and having reticulately 
thickened vvalis (Fig. 5). 

Table 2 shovvs the diversity pattern of the nutlets in Dracocephalum. "The four 
subgenera are recognized by corolla and stamen characters. The species of subgen. 
Dracocephalum are further segregated into eight sections distinguished by inflor- 
escence, bracts, calyx and corolla shape and habit. In some cases the nutlets supp- 
ort morphological similarities. For instance, the species of sects. Palata and 
Keimodracon have cellular and pitted patterns (except D. fragile of sect. Palmata 
vvith pitted-granular nutlets). D. fragi/e is also very distinct because of its large bracts, 
yellovv corollas and chromosome number. Most species of subgen. Za//emantia have 
an indistinct reticulate pattern and there is a ridged-granular pattern in the species 
Of sect. /diodracon (except D. nodulosum). 

A comparison of the variation in surface ornamentation in Nepeta and 
Dracocephalum shovvs that a ridged-granular and indistinct reticulate pattern occurs 
only in Dracocephalum. Some of the species of these genera have a reticulate pattern, 
in particular species of Nepeta sect. Macronepeta and Dracocephalum sect. 
Calodracon. Yhey all have a similar corolla and calyx shape and are concentrated in 
SVV China (mainly Yunnan and Sichuan). These sections are probably closest to a 
primitive type of Nepeta/Dracocephalum. 

In Dracocephalum, in contrast to Nepeta, the various sculpture patterns are not 
correlated vvith geography. 


Lophanthus Adarns. 


Lophanthus includes c.20 spectes distributed from İran to Pakistan as vvell as in 
Middle Asia, south Siberia, Mongolia and China (Budantsev, 1992a). It is very 
closely allied to Nepera and its definition and limits are uncertain (Levin, 1941, 
Hedge 6 Lamond, 1968, Rechinger, 1982a). The scarcely divergent thecae, pilose- 
annulate tube of the calyx and tendency to have resupinate flovvers are more typical 
of Lophanthus than Nepeta. The species of Lophanthus are divided into tvvo sections 
— Lophanthus and Psilonepeta (Benth.) A. Budantz. - vvhich differ in calyx, corolla 
and stamen shape (Budantsev, 1992a). 

The nutlets of 10 species vvere examined. They are c.2-2.3 x 1.3-1.5mm, oblong, 
trigonous vvith rounded edges and apices, the areole is lateral, bilobed vvith short 
arches, the surface of the nutlets appears smooth and sculptured. The smooth nutlets 
have a reticulate texture (Fig. 4G) vvhich is formed by rounded cells. The AVV are 
straight, thickened or not, the EPVV are flat or slightİy unevenly concave. The sculp- 
turing of EPVV is rugose-pitted or straight. Reticular nutlets occur in FE. chinensis 
Benth., E. serenkii Levin, L. tschimganicus Lipsky, L. subnivalis Lipsky, L. schtschu- 
rovvskianus (Regel) Lipsky (sect. ZLophanthus) and L. elegans (Lipsky) Levin, ZE. 
varzobicus Kochk. (sect. Psi/onepeta). 

Sculptured nutlets have a verrucose texture (Fig. 4H), similar to some Nepefa 
spectes. This sculpturing is typical for some species of sect. Psi/onepeta (L. ouroumit- 
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anensis (Franch.) Kochk 6: Zuckervv., Z. dschuparensis (Bornm.) Levin and Z. pirneto- 
rum (Aitch. 6 Hemsl.) Levin). 

Pericarp anatomy vvas examined in ZE. chinensis, L. subnivalis and L. pinetorum. 
The pericarp is 65—100um thick. Myxocarpy vvas found in L. pinetorum, vvith a 
moderate mucilaginous reaction. The exocarp cells of verrucose nutlets form 
tubercles that consist of large mucilaginous cells vvith irregularly shaped cavities and 
of non-mucilaginous cells vvith much thickened outer tangential vvalls. The cells of 
these tvvo types contain brovvn pigment (Fig. 6A). 

The exocarp in the other species consists of large cells vvith strongly thickened 
outer vvalİs. Nutlets of A. chinensis have exocarp cells vvith reticulate thickenings on 
the radial vvalls (Fig. 6B). The mesocarp consists of three rovvs of cells. The scler- 
enchymatous layer is 30—50um thick vvith rounded or cube-shaped cavities. The inner 
layer of endocarp consists of flattened cells. Sometimes this rovv has reticulate thick- 
enings on the vvalls (Fig. 6). 

In the surfaces and pericarp structure of the nutlets, Lophanthus is very similar to 
Nepeta, especially to species of sects. Brachystegiae (N. glutinosa) and Micronepeta, 
vyith reticular nutlets, and Sparf)onepeta vvith verrucose nutlets. 


SOURCE OF MATERİAL. £. ehinensis: Mongolia, near Ulan Bator, /konnikov-Galizky 432 
(LE): L. sehrenkii: Dshungarsky Alatau, Kul-Asu, Rosğeviz 668 (LE), EL. subnivalis: 
Samarkand distr., in Tagnob Valley, Feachenko 289 (LE), L. tschimganicus: Chatkal, 
Maidantal, Minkviz 1373 (LE), L. schtschurovvskianus: VV Pamir, Bidshrav, Po/arkova 115 
(LE), L. pinetorum: Afghanistan, Kabul, Paghman, Pod/ech 11600 (LE): L. elegans: Pamir, 
Badahshan, Padrud, /kornikov 13196 (LE): L. varzobicus: TYadzhikistan, Vahsh, Chukavina 
440 (LE), L. ouroumitanensis: Yadzhikistan, betvveen Surh and Darvvaza, vil 1969, Kamelin 
et al. s.n. (LE), L. dschuparensis: Iran, Kerman, Kul-i-Dschupar, Börnmüller 4322 (LE). 









beyaz 










FIG. 6. The pericarp of Lophanthus in transverse section. A, Lophanthus pinetorum, B, L. 
chinensis. Abbreviations: mc, mucilaginous cells, nc, non-mucilaginous cells, ex, exocarp. Scale 
bar — 30um. 


204 A. L. BUDANTSEV 6 T.A. LOBOVA 








Hymenocrater Fisch. dk C.A. Mey. 


This genus has c.9 species in the İrano-Turanian region of SVV Asia, especially in 
Iran and Afghanistan (Rechinger, 1982b, Budantsev, 1992b). 

The nutlet size is 3 x 1.5-2mm, they are oblong, rounded at the apex, trigonous 
vvith rounded edges (Fig. 7E): the areole is lateral, bilobed, the surface is smooth 
(reticular) or tuberculate (Fig. 7F). The surface of reticular nutlets (Fig. 7D) has 
oblong or rounded often coni/ugate cells vvith straight, not raised AVV and flattened 
or slightiy concave EPVV. H. elegans Bunge, H. sessilifolius Benth. and H. /ongiflorus 
Benth. are characterized by smooth nutlets. //. bifuminosus has tuberculate nutlets 
vvith flattened tubercles. The surrounding cells are rounded vvith the raised straight 
and concave plicate-furrov/ EPVV. 

The pericarp in H. öizuminosus 1s c.75um thick. Myxocarpy vvas not found. Celils 
of the exocarp have strongiy thickened outer tangential vvalls vvith pores. The meso- 
carp is represented by three rovvs of similar cells that are entirely filled vvith pigment. 
The sclerenchymatous layer is c.S0um thick, vvith rounded cavities. Cells of the inner 
layer of endocarp have vvalis that are reticulately thickened (Fig. 8A). 

On the character of surface ornamentation, Fymenocrater is quite similar to species 
of Lophanthus and Nepeta, but is distinguished from these by its lack of myxocarpy 
and from the other genera of the Nepereae in the large, broad, membranous lobes 
of the calyx. 


SOURCE OF MATERTIAL. H. elegans: Persia, ex herb. Bunge, s.n. (LE): H. sessilifolius: 
Afghanistan, Bamian, Podlech 12138 (LE): H. longiflorus: Persia, Aucher-Eloy 1564 (LE): H. 
bituminosus: Transcaucasus, Darry-Dagh, 1934, Prilipko s.n. (LE). 


Agastache Gronov. 


Agastache (c.22 species) is distributed principally in North America (from central 
Canada to Mexico) and only 4. rugosa (Fisch, öz C.A. Mey.) Kuntze occurs in most 
parts of China, Tapan and the Far East of Russia (Lint 6 Epling, 1945, Sanders, 
1987). 

Nutlet surfaces of nine species vvere examined. The nutlet size is 1.8-2.3x 
1-1.6mm: they are oblong or elliptic, apıcally rounded or truncate, trigonous 
(Fig. 7A)): the areole is lateral, roundish or oblong, surrounded by a ridge of pericarp 
(Fig, 7B), there is an indumentum of eglandular trichomes at the apex of the nutlets 
(Fig. 8C ): the length of these trichomes is gradually reduced to short papillae at the 
middle part of the nutlets. The nutlets in the centre are smooth vvith a reticulate 
texture (Fig. 7C). This is true for the species of sect. Agasfache (A. rugosa, A. nepeto- 
ides (Nutt.) Britton, A. urticifolia (Benth.) Kuntze), as vvell as for those of sect, 
Brittonastrum (Briq.) Lint 6 Epling (4. mexicana (Humb., Bonpl. öz Kunth) Lint 
öt Epling, A. pallida (Lindl.) Cory, 4. pringlei (Briq.) Lint £: Epling, A. pallidiflora 
(Heller) Rydb., A. micrantha (A. Gray) VVooton öc Standley, 4. vrightüi (Greenman) 
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FIG. 7. Nutlets of Agasrache, Hymenocrater and Meehania. A, Agastache mexicana, B, A. 
aurantiaca (basal part), C. A. pallida, D, Hymenocrater haussknechtif, E, F, H. bituminosus, 
G, Meehania urticifolia, R, M. pinfaensis. Scale bars — 10um (except A, B— 100um, E, G— 
1000um). 
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FIG. 8. The pericarp of Hymenocrater and Agastache in transverse section. A, FHymenocrater 
bituminosus, B, Agastache mexicana, C, A. rugosa. Abbreviations: ex, exocarp, t, trichome. 
Scale bar — 30um. 


VVooton öc Standley). The exception is A. azrantiaca (A. Gray) Lint 6: Epling (sect. 
Brittonastrum) vvith papillose nutlets. 

Pericarp structure vvas examined in 4. rugosa, A. urticifolia and A. mexicana. Yhe 
pericarp is 50-70um thick. Myxocarpy vvas not found. The exocarp consists of large, 
radially elongated cells that are filled vvith pigment and have strongly thickened outer 
tangential vvalls vvith very small pores (Fig. 8B, C). The mesocarp is represented by 
three rovvs of closely spaced cells vvhich are entirely filled vvith pigment. A. rugosa is 
distinguished by an inner rovv of cells vvith thickened vvalls (Fig. 8C). The scler- 
enchymatous layer is 35-40um thick, vvith rounded cavities. In 4. urticifolia and A. 
rugosa the inner layer of endocarp consists of very flattened cells. 

The fine surface of the nutlets of Agasfache favours the vievv of including 
Brittonastrum as a synonym of Agastache. In general, Agastache is closely related to 
Nepeta and Lophanthus on the base of nutlet morphology, surface ornamentation 
and pericarp structure, but differs in the parallel thecae and divergent pairs of 
stamens. 


SOURCE OF MATERTIAL. 4. rugosa: Pekin, Skachkov s.n. (LE), 4. urticifolia: 
VVashington, Mount Adams, 1882, 7: Hovell s.n. (LE): A. aurantiaca: Mexico, Chihuahua, 
Norogachic, Pa/mer 402 (LE): A. micrantha: Nev, Mexico, V/ooton 436 (LE): A. vrightii. 
Nevv Mexico, Metcalfe 655 (LE): A. pringlei: Mexico, Chihuahua: Potrero Peak, Pring/e 789 
(LE): A. pallidiflora: SVV Chihuahua, Palmer dk Parry 762 (LE): A. nepetiodes: ex horto 
Petropol (LE). 


Meehanla Brifton 


A genus of c.6 species found in E and SE China, Tapan, Korea and the Far East. 
The type species, //. cordata (Nutt.) Britton ex Small, occurs in eastern North 
America (Budantsev, 1992b). The nutlets in M. urricifolia (Miq.) Makino and M. 
pinfaensis (Levl.) Sun ex C.Y. VVu are 3.2—3.6 x 2mm, from rounded to elliptic vvith 
rounded edges. The areole is basal, roundish and surrounded by a fold of pericarp 
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(Fig. 7G). The reticular surface of the nutlets has long 1-—3-celled trichomes 
(Fig. 7H). The epidermal cells are rounded or irregularly shaped vvith slightly raised 
straight AVV and plane or depressed EPVV vvith a finely furrovved pattern. 

The pericarp of M. urticifolia is 9Oum thick. Myxocarpy vvas not found. The 
exocarp is represented by cells vvith thickened outer tangential vvalls. The mesocarp 
consists of three rovvs of closely spaced cells. The sclerenchymatous layer is 70um 
thick. The sclereids have very undulafe vvalis and irregular cavities. The cells of the 
inner layer have reticulate thickenings on their vvalİs (Fig. 9A, B). 

Meehania is related to Nepeta and Dracocephalum in calyx and corolla shape, but 
is clearly distinct in the nutlets. 


SOURCE OF MATERIAL. /. urticifolia: Vladivostok, in River Elburga, Saro/lova 270 
(LE): M. pinfaensis: China, Ichang, 1806, Henry s.n. (LE), VV Hupeh, V///son 963 (LE). 


Glechoma £. 


Four species are recognized in this genus, they occur in steppe and broad-leaved 
forests of Eurasia (Budantsev, 1992b). 

G. hederacea L. and G. longituba (Nakai) Kupr. vvere examined. The nutlets are 
c.2.1-2.3 x 1-1.3mm, oblong, slightily fiattened at the base, vvith a rounded apex 
(Fig. 10A ): the areole is rounded or elliptic, basal, surrounded by a fold of pericarp 
(Fig. 10B), the surface of the nutlets is smooth, reticulate-loop like (Fig. 10C) made 
up of round or polygonal cells vvith slightly or not raised, straight, indistinct AVV 
and funnel-like EPVV vvith a striate-rugose ornamentation. There are probably groups 
of slightİy raised small rounded cells vvith a more raised AVV making up a short 
chain or rosette-like pattern vvhich most often occur at the basal part of nutlets. 

The pericarp in G. Pederacea is 160um thick, there is myxocarpy vvith moderate 
mucilaginous reaction. The exocarp consists of large, rounded mucilaginous cells in 
groups of 1—4 and very narrovv non-mucilaginous cells, vvith thin cavities, located 





FIG. 9. The pericarp of 3/eehania and Glechoma in transverse section. A, //eehania urtici- 
folia, B, Glechoma hederacea. Abbreviations: s, sclerenchyma cells, m, mesocarp: mc, muci- 
laginous cells, nc, non-mucilaginous cells, Scale bar — 50um. 
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FIG. 10. Nutlets of G/echoma, Schizonepeta, Cedronella and Drepanocaryum. A, C, 
Glechoma hederacea, B, G. longituba, D, Schizonepeta tenuifolia, E, F, Cedronella canariense, 
G, H, Drepanocaryum sevvertzovvii. Scale bars: A, B, E, G — 100um: C, D, F, H — 10um. 
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betvveen the former ones. The mesocarp is represented by five rovvs of cells: the upper 
four rov/s have similar, closely spaced cells, the innermost rovv consists of large 
rounded cells vvith thickened radial and inner tangential vvalls. The sclerenchymatous 
layer is 30um thick and consists of small sclereids vvith star-like cavities. The inner 
layer of the endocarp has very flattened cells (Fig. 9B). 

The similaritiles betvveen G/echoma and Meehania in habit and inflorescence are 
supplemented by both the nutlet shape and the basal rounded areole. They 
are hovvever clearly different in nutlet surface and pericarp structure. 


SOURCE OF MATERTAL. G. hederacea: Tapan, C Honshu, O“ashi et al. 1371 (LE), China, 
Laonin, Chang Yui-Lieng 96 (LE), G. longituba: Far East (south), in Suiphur Valley, 
Shipezinsky 212 (LE). 


Sehizonepeta (Benzh.) Briq. 


A small, mainly Siberian, Chinese and Mongolian genus of three species. The nutlets 
are c.2 x 0.8-1mm, they are oblong-ellipsoid, vvith a rounded apex and edge, more 
prominent at the basal end. Their surface is smooth vvith an indistinct-reticulate 
pattern (Fig. 10D) similar to some species of Dracocephalum. The epidermal cells 
are irregular in shape vvith indistinct boundaries because of the thick, striate cuticle. 
The EPVV are depressed and sinuous, they are of tvvo kinds: prominent, ridge-pitted, 
or flattened, slightiy depressed, deformed. 

Pericarp structure vvas examined in S. mzizifida (L.) Briq. and S. arınua (Pall,) 
Schischk. The pericarp is 70-80um thick, there is myxocarpy vvith moderate muci- 
laginous reaction. The mucilaginous cells are large, rounded or cuboid, and take the 
shape of "papillae” after svvelling in vvater. The non-mucilaginous celis have an X-like 
form, vvith dark-brovvn pigment (Fig. 11A). All exocarp celis are thin-vvalled. The 
mesocarp 1s represented by one (in S. mzuilrifida) or four (in S. annua) rovvs of closely 





FIG. 11. The pericarp of Sehizonepeta and Cedronella in transverse section. A, ScAizonepeta 
multifida: B, Cedronella canariensis. Abbreviations: mc, mucilaginous cells, nc, non- 
mnucilaginous cells. Scale bars — 30nm. 
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spaced cells. The sclerenchymatous layer is 20-30şnm thick. In the round sclereid 
cavities are found pigment or crystals c.2.5um diameter. 

The inner layer of endocarp consists of flattened cells or of unflattened cells vvith 
reticulate thickening on their vvalis (Fig. 11A). 

This genus is a close relative of Dracocephalum in calyx shape (especially S. ana 
vvith a clearly bilabiate calyx and svvollen folds at the sinuses as in Dracocephalum) 
and nutlet pattern. İt is also close to Nepera, but differs in the thecae diverging at 
90? (not 180”) and the divergent pairs of the stamens. 


SOURCE OF MATERİAL. S. renuifolia: China, She He, Sinlun, ZLiou-Tchen-hgo et al. 4948 
(LE), S. annua: Zaisan, in Kaldshir Valley, 1908, Ke//er s.n. (LE), S. multifida: Mongolia, 
Ara-Hangai, ./unatov 2921 (LE). 


Cedronella A/oench 


A monotypic genus endemic to the Canary Islands and Madeira. The nutlets are 
2—2.8 x 1.3-1.5mm, ellipsoid and trigonous (Fig. 10E), the areole is lateral and 
rounded, the surfaces of the ventral edges and apices are covered vvith sessile oil 
glands, they are smooth vvith a cellular pattern (Fig. 10F). 

The pericarp is c.140um thick. Myxocarpy vvas not found. The exocarp has elon- 
gated cells vvith thickened outer tangential vvalls. The mesocarp consists of three 
TOVVS Of closely spaced cells. The sclerenchymatous layer is c.120unm thick. The sclere- 
ids are narrovv vvith large oval cavities. The inner layer of the endocarp is represented 
by very flattened cells (Fig. 11B). 

This distinct genus shares some similarities vvith Dracocephalum (calyx and corolla 
shape, nutlet pattern and chromosome number) but its precise affinities are uncertain. 


SOURCE OF MATERIAL. Teneriffe, Bourgeau s.n. (LE). 


Drepanocaryum Poyark 


This is a monotypic genus restricted to E Iran, Afghanistan, Middle Asia and 
Pakistan. It has a characteristic nutlet shape: they are c.1 x 1.2mm, basally clearly 
concave vvith a broad ventral areole extending tvvo-thirds of the entire length of the 
nutlet (Fig. 10G). The nutlet surface is prominently tuberculate (Fig. 10H). 

As in some Nepeta species, the cupola-like tubercles are formed by large oblong 
lobule-like cells. The cells surrounded by the tubercles are isodiametric and poly- 
gonal: the AVV are straight and prominent, the EPVV are irregularly depressed, vvith 
striate furrovvs. 

The pericarp is c.1 10um thick. Myxocarpy occurs vvith a moderate mucilaginous 
reaction. The mesocarp is represented by tvvo rovvs of cells vvith pigment. The scler- 
enchymatous layer is c.40um thick vvith star-like cavities in the sclercids. The inner 
layer of the endocarp consists of cells vvith reticulate thickenings on their vvalis 
(Fig. 13A). 


SOURCE OF MATERTIAL. Kazakhstan, Karatau, v 1990, Budantsev s.n. (LE). 
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Marmoritis Benth. 


Five spectes in the mountains of C Asia, the Himalaya and China. 

Nutlet surface and pericarp structure vvere examined in /4. rozundifolia Benth. The 
nutlets are c.3 x 1.2mm, they are oblong:elliptic, vvith a rounded apex and edge 
(Fig. 12A). Their surface is smooth vvith a ridged-cellular pattern (Fig. 12B), similar 
to some species of Nepeta. The epidermal cells are irregular vvith undulate and 
prominent AVV. 

The pericarp is c.60um thick. Myxocarpy vvas not found. The exocarp is rep- 
resented by elongated celils vvith thickenings on the outer tangential vvalls. The meso- 
carp consists of one rovv of cells. The sclerenchymatous layer is c.40Üum thick vvith 
rounded cavities. The inner layer of the endocarp consists of cells vvith reticulate 
thickening on the vvalis (Fig. 13B). 

Marmoritis is a very close ally of Nepeta and Glechoma, but apparentiy merits 
independent generic status in the Nepefede on inflorescence characters, habit and 
resupinate corollas ( Hedge, 1990). 


SOURCE OF MATERİAL. Tibet, Suniar, 17,500ft, Szzac)ley dt VVinterbottom 11 (K). 


CONCLUSIONS 


In the tribe Nepefeae the exocarp usually consists of large cells vvith thickened outer 
tangential vvalls. The cavity often contains brovvn or dark-brovvn pigment. In 
Lophanthus chinensis radial vvalls have reticulate thickenings and species of the 
Agastache and Hymenocrater have outer tangential vvalls vvith small pores. 

In species vvhose nutlets produce mucilage the exocarp consists of tvvo different 





FIG. 12. Nutlets of A/arrroritis rotundifolia. Scale bars: A, 1000um: B, 10um. 
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FIG. 13. The pericarp of Drepanocaryum and Marmoritis in transverse section. A, 
Drepanocaryum sevvertzovvii, B, Marmoritis rotundifolia. Scale bar — 50um. 


types of cells: mucilaginous and non-mucilaginous. Mucilaginous cells are normally 
much larger (after svvelling of the mucilage), radially elongated, and have an oval, 
round or cuboid shape. Their cell vvalls are very thick and there is an irregularly 
shaped cavity often filled vvith pigment in the centre. The size of mucilaginous cells 
after svvelling varies from 20um in Nepeza glomerulosa to 110km in Dracocephalum 
bipinnatum. VVhen nutlets are placed in vvater, mucilaginous cells become elongated, 
destroy the cuticle and take the shape of “mucilaginous hairs”, i.e. long, thin strands 
(some species of Nepeta, Drepanocaryum and Lophanthus), or of “papillae” — shorter 
and vvider strands (some species in Dracocephalum as vvell as in Schizonepeta 
and Glechoma). Mucilaginous cells in Nepeta amethystina, N. glomerulosa and 
Dracocephalum serobiculatum do not appreciabİy increase in size. 

Non-mucilaginous cells are often narrovv, radially elongated vvith thickened vvalis 
and have a small cavity vyhich may contain pigment. In most cases cells of both 
types are distributed over the nutlet surface. In Dracocephalum scrobiculatum, hovv- 
ever, the mucilaginous cells are arranged in a vvide rovv at each distal side and in 
İtvvo narrovv rovvs at the proximal side of the nutlet. 

Tvvo main types of nutlet surface can be distinguished by exocarp characters: 
hairless (smooth or sculptured ) or slightly hairy in the apical part of the nutlet. 

Tubercles of nutlets vvith a sculptured surface might consist of various celis: 


1. Tubercles formed by mucilaginous cells and by guard non-mucilaginous cells vyhich 
are radially elongated and sickle-shaped. These are found in Nepeza, Drepanocaryum 
and Zophanthus. 


2. Tubercles formed by epidermal radially elongated non-mucilaginous cells. These 
occur in some Nepefa species. 


Trichomes in the apical part of the nutlet are typical in the genus Agasztache and 
are outgrovvths of the exocarp cells. The nutlet surface in M:eehania is covered by 
long, 1—3-celled trichomes. 
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The mesocarp in the species studied is 5—40nm thick and consists of closely spaced 
flattened cells. During grovvth and ripening of the nutlets this layer becomes strongiy 
compressed and cell boundaries become undetectable. In some cases one can discern 
an outer rovv of cells and an inner rovv that consists of very flattened, thick-vvalled 
cells. The exception is G/echoma hederacea vvhich has large, round, thick-vvalled cells 
in the inner rovv of the mesocarp, previousliy noted ( VVoiciechovvska, 1966). Mesocarp 
celİs usually contain brovvn, dark-brovvn or black pigments vvhich may be distributed 
in various vvays vvithin the layer. 

The outer endocarp layer varies from 15um (Nepeta podostachys) to 120um in 
thickness (Dracocephalum ruyschiana, Cedronella canariensis) and consists of radially 
elongated sclereids. In most species these cells are very large and they primarily 
constitute the pericarp. Sclereid vvalİs are thickened to various degrees (they are 
distinguished by undulate vvalls in Meeğania urticifolia) and in their centre there is 
a cavity vvhich is frequently irregular, star-like or more or less round in shape. Thin 
and branched pore canals run to the apical and basal parts, and may link adiacent 
celis (vvith the exception of sclereids having oval cavities). Sclereids may contain 
pigment, and erystals of calcium oxalate. These crystals of regular quadrangular and 
hexagonal shape are found in cavities and poral canals in some species of 
Dracocephalum and Sehizonepeta. 

The inner endocarp layer comprises one rovv of smaller tangentially elongated or 
rounded cells vvith reticulate thickening on their vvalls. The inner tangential vvall is 
sometimes more thickened. In many species this layer is rather flattened. 

Most of the genera in Nepeteae have a distinctive nutlet shape, surface texture 
and pericarp structure. VVithin the tribe three informal groups can be recognized, 
vyhose constituent taxa have similar nutlets and similar vegetative and floral 
characteristics. 


Group 1. Yhe first and largest group includes Nepeza, Drepanocaryum, Lophanthus, 
Hymenocrater, Marmoritis and Agastache. Most of the specites in these genera are 
either rhizomatous perennials, annuals or suffruticose herbs vvith simple leaves, pan- 
iculate or spike-like inflorescences, regular, indistinctly or clearly bilabiate calyces 
and nutlets vvith lateral areoles and smooth (mainly reticulate) or sculptured surfaces. 
The pericarp structure is characterized by the presence of mucilaginous tubercles 
vvith cells of the “mucilaginous hairs” type and 1—3 rovvs of cells in the mesocarp. 
Star-like cavities in the sclerenchymatous layer are associated primarily vvith exocarp 
that produces the mucilage. The genus Drepanocaryum does not basically differ from 
Nepeta (N. micrantha in particular) in pericarp structure. VVe cannot agree vvith 
Makarova (1967) vvho belfeves that the main distinctive feature of Drepanocaryum 
seyverzovvii is the presence of star-like cavities in sclereids. Species vvith a smooth 
nutlet surface have sclereids vvith rounded cavities vvhich are connected by poral 
canals. The genera Agasrache, Marmoritis and Hymenocrater are distinguished by 
an absence of myxocarpy (myxocarpy in /Fyrrenocrater bituminosum has been 
described by Ryding (1995) but vve vvere unable to confirm this). The exocarp cells 
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are flattened and filled vvith a pigment, and they have heavily thickened poral outer 
tangential vvalls (except Marrroritis). The mesocarp consists of one or three rovvs, 
cavities of sclereids are more or less rounded. 

The species of most of these genera have a chromosome base number of x—$8 or 9 
(Budantsev et al., 1992). This group of genera occurs in steppe, montane habitats, 
semi-deserts and more rarely in forest or alpine habitats of the Mediterranean, Irano- 
Turanian areas, Hindu Kush, the Himalaya, SVV China and northern America (from 
Canada to Mexico). VVeak geographical and ecological isolation of most of these taxa 
and frequent hybridization has resulted in polymorphic complexes, especially in Nepeza. 


Group 2. Dracocephalum is at the core of the second group together vvith 
Schizonepeta and, probably, Cedronella. Yhe species of these genera are also her- 
baceous or sufiruticose herbs vvith spike-like or ovoid inflorescences and an indis- 
tinctly or clearly bilabiate calyx vvith svvollen folds at the sinuses of the teeth. The 
nutlets are smooth vvith a lateral areole. The presence of large, oval or rounded 
mucilaginous cells of the “papillac” type in the exocarp vvhich alternate vvith radially 
elongated, narrovv non-mucilaginous cells is typical for this group. In some species 
of Dracocephalum and Schizonepeta erystals of calcium oxalate are found singly or 
in groups in cavities or poral canals of sclereids. Non-mucilaginous nutlets are dis- 
tinguished by small exocarp cells vvith very thickened outer tangential vvalis and also 
by very long and narrovv sclereids vvith oval or star-like cavities. VVe cannot agree 
vvith Ryding (1995) v/ho described mucilaginous cells in the exocarp of Cedronella 
canariensis. 

The chromosome base number ih this group is x —5, 6 or 7. In contrast to the 
first group, many species of Dracocephalum as vvell as Schizonepeta and Cedronella 
have pinnatisect or pinnatifid leaves (there are simple leaves in some ?racocephalum 
but they usually have lobed bracts). This group occurs less vvidely in the 
Mediterranean region but has some centres of diversity in the highlands of Siberia 
and Central, Middle and East Asia. The geographical and ecological isolation of the 
related species is very characteristic of Dracocephalum and hybridization betvveen 
species is almost unknovvn. 


Group 3. The essentially ecast Asiatic, nemoral genera /Meehania and Glechoma form 
the third group in Neperfeae. They are characterized by their habit (short rhizomatous 
herbs vvith flovvers in the axils of the middle and upper leaves) and nutlets vvithout 
tubercles and vvith a basal rounded areole surrounded by edging or a fold of pericarp. 
The pericarp structure of G/echoma differs in the peculiar exocarp, vvhich consists of 
groups of large mucilaginous cells among very narrovv non-mucilaginous cells, The 
presence of large rounded cells in the lovver rovv of the mesocarp 1s typical for 
Glechoma. "Yhe pericarp structure of A/eehania is distinguished by sclereids vvith very 
undulafte vvalis. 


Perhaps these three groups of genera represent clades of development of the tribe 
Nepeteae that have diverged since the initial stages of its evolution. 
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